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2G  ABSTRACT  fCamtOmt*  om  ravaraa  aMi  ff  natataaiy  aad  Jdaotlfr  Sr  block  mmbor) 

The  performance  of  thermal  sensors  against  ground  targets  depends  upon  the  ther¬ 
mal  contrast  between  the  particular  targets  and  the  backgrounds.:  This  thermal 
contrast  is  highly  variable  and  it  is  background  and  target  specific.  It  also 
depends  '^pon  the  time  of  day  and  the  weather  conditions.  In  support  of  Tactical 
Decision  Aid  development,  a  data  base  which  contains  thermal  contrast  as  well  as 
weather  variables  is  being  converted  to  computer/compatlble  tape. 

This  data  base  consist^  of  radiometric  measurements  of  targe^ts,  background, 
and  Incoming  long  and  short  wavelength  radiation,  as  well  as  on/’Slte  meteorologl 
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weather  measurements  made  nearby  Barvwtm--A¥«y--STrTttld  are  also  com¬ 

bined  with  the  on*/slte  measurements.  This  paper  describes  t^s  new  data  base 
which  can  be  used  to  develop  or  validate  thermal  contrast  models,  develop 
rules  of  thumb  for  thermal  contrast  prediction,  validate  Tactical  Decision  Aid 
or  develop  statistical  distributions  of  thermal  contrast  as  a  function  of 
the  time  of  day  or  the  weather  conditions. 
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AASTAACT 

The  performance  of  thermel  sensors  against  ground  targets  depends 
upon  the  thernal  contrast  between  the  particular  targets  and  the  back* 
grounds.  This  thereal  contrast  is  highly  variable  and  it  Is  background 
and  target  specific*  It  also  depends  upon  the  tine  of  day  and  the  weather 
conditions.  In  support  of  Tactical  Decision  Aid  development,  a  data  base 
which  contains  thereai  contrast  as  well  as  weather  variables  is  being 
converted  to  coAputer-coApatible  tape. 

This  data  base  consists  of  radiometric  measurements  of  targets, 
backgrounds,  and  incoming  long  and  short  wavelength  radiation,  as  well  as 
on-site  meteorological  measurements  made  almost  continuously  over  more 
than  a  two  year  period  by  the  US  Army  Engineer  Topographic  Laboratories 
at  Port  Belvolr.  Standard  weather  measurements  made  at  the  nearby 
Davison  Army  Airfiaid  ace  also  combined  with  the  on-slce  measurements. 
This  paper  describes  this  new  data  base  which  can  be  used  to  develop  or 
validate  thermal  contrast  modals,  develop  rules  of  thumb  foi  thermal 
eontraet  prediction,  velidate  Tecticel  necision  Aids,  or  develop  stetis- 
tieel  distributions  of  thermal  contrast  nS  a  function  of  the  time  of  day 
or  the  weather  conditions* 


t.o  iirrEOOucnuM 

The  performance  of  weapon  systema  which  cepend  upon  the  thermel  contrast  i 
tween  the  target  and  various  backgrounds  is  also  affected  by  the  wtuther  since  the 
weather  haa  a  great  influence  upon  this  target-background  thermal  contrast.  The 
behavior  of  this  contrast  in  the  real  world  is  very  complex.  It  is  dependent  upon 
the  specific  target  es  well  as  the  specific  background..  It  also  depends  upon  the 
current  weather  conditione  of  soler  load,,  incoming  IR  radiation,  humidity,  precipi¬ 
tation,  air  t,emperatura,  and  wind  speed*.  It  is  time-of-day  dependent  anJ  also 
varies  with  the  season  and  soil  moisture  conditions.  Because  of  the  great  variety 
of  conditions  which  influence  thermel  contrast,,  there  is  e  need  for  e  data  base 
wh,ich  encompasses  the  many  variables  which  describe  the  various  weather  conditions 
in  which  these  infrared  systems  are  expected  to  operate. 

The  A.r  Force  Geophysics  Laboratory  has  sponsored  e  survey  of  data  bases  which 
could  be  used  to  test  the  Thermal  Contrast  Models  which  are  pert  of  the  Tactical 
Oacisione  Aide  for  the  US  Air  Force  111*:  These  Tectichl  Decision  Aids  will  permit 
the  field  commander  to  predict  the  performance  of  his  weapon  suites  in  the  divers¬ 
ity  of  weether  conditions  which  may  be  encountered  in  the  field.  Although  a  large 
quantity  of  data  haa  bean  taken  for  the  evaluation  of  IR  systems,  for  the  evalua¬ 
tion  of  tha  IR  signatures  of  a  number  of  targets,  end  for  the  development  of  scene 
statistics,  these  data  bases  are  limited  in  their  weather  characterization,  the 
number  of  diurnal  cycles  covered,  the  seasonal  coverage,  and  the  variety  of  weather 
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conditions  sncountsrsd  during  ths  MssursMsnts.  Thsss  dsts  bssss  slso  fail  to 
cspturs  ths  dynsNlc  nsturs  of  thsrosl  contrast.  Thsy  prsssnt  a  static  picturs  of 
tha  tharaal  contrast  in  a  scans  at  a  particular  tioMant  of  tiaa  instaad  of  a  moving 
pictura  of  tna  changas  in  tharmal  contrast  undar  changing  waathar  and  tima  of  day 
conditions.  As  a  rasult  of  tha  daficiancias  in  thasa  othar  data  basaa.  tha  data 
obtainad  by  tha  Army  Cnginaar  Topographic  Laboratorias  ara  of  graat  rasaarch  valua 
in  tha  study  of  tharmal  contrast.  Thasa  data  ara  baing  transfarrad  to  computar^ 
conpatibla  tapa.^ 

It  IS  axpactad  that  this  data  basa  will  ba  axtramaly  usaful  for  (1)  the  da* 
valopmant  of  tharmal  contrast  modals*  (2)  tha  validation  of  thermal  contrast 
modals.  (3)  tha  davalopmant  of  rulas  of  thumo  for  axpactad  tharmal  contrast*,  and 
(4)  tha  davalopmant  of  statistical  distributions  of  tharmal  contrast  for  selected 
weather  catagorias*  times  of  day*  and  seasons. 

2.0  AMY  ENGlHetft  TDPOCRAPHtC  LAOOKATOA1I8 
THKKMAL  OONTftAST  DATA  iASt 

The  Army  Cnginaar  Topographic  Laboratories  Tharmal  Contrast  Data  Basa  consists 
of  almost  continuous  maasuraments  with  a  Barnes  PRT-S  Radiomatar  of  brightness 
temperatures  of  selected  background  plots  and  targets*  along  with  supporting  mets* 
oroiogical  measurements.  The  site  is  located  at  Port  Belvoir*  Virginia.  A  sche¬ 
matic  Outline  of  the  cite  is  shown  in  figure  1<  The  background  plots  consist  of 
(1)  cut  grass*,  (2)  ba.*s  soil*,  (3)  uncut  grass*,  (41  cut  grass  from  another  aspi.  ^ 
angle*  and  (5)  aggregate  gravely  The  site  also  includes  a  target  station.  Tar¬ 
gets  wnieh  have  been  loceted  at  this  station  are  a  large  aerial  tower  truck  (2)  and 
an  M114  armored  reconaisaance  vehicle.  Each  background  plot  and  the  target  station 
is  scanned  at  a  fixed  intervel  with  the  same  radiometer..  In  addition,  another 
radiometer  measures  the  brightness  temperature  of  e  Douglas  fir.,  figure  2  is  a 
photograph  of  the  test  site  with  the  Nll4  in  place.  The  PRT-S  radiometer  is 
located  near  the  top  of  the  tower  shown  in  the  photograph. 

Neteorological  measurements  are  also  made  at  the  same  site.  Thebe  are  listed 
in  Table  1.  These  include  eir  temperature  at  e  variety  of  tower  heights,  dew  point 
temperature,  barometric  pressure*  wind  speed*  wind  direction,,  and  amount  of  preci¬ 
pitation. 

Other  rwJiometric  measurements  Include  incoming  short-wave  radiation,,  incoming 
long-wave  radiation*  and  net  short-wave  radiation  for  the  various  plots.  Measure¬ 
ments  of  soil  temperaturs,  soil  moisture,  and  soil  heat  flux  are  also  made  at 
various  depths.'  Ths  radiometric  measurements  and  soil  measurements  are  listed  in 
Table  2. 

During  1979  and  1980,  the  meaturwment  program  concentrated  on  radiometric 
temperatures  of  the  four  backgrounds,  without  a  vehicle  (3].'  In  1981,,  radiometric 
temperature  measurements  were  made  of  evergreen  trees  and  a  cut  grass  background. 
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Th.  ««uc...nt  progr..  In  ....niinlly  tn.  pr.s.nt  conf Igur.tion  b«g.n  in  Jun. 
1,82..  Fee  Jun.  1,«  to  M.y  1,«4  .ppro«i..t.ly  2i,M0  «..ur...nt  b.t.  h.v.  own 
t.t*ni  of  tn...  .ppro«l..t.ly  SS.SOO  i«..ur.Mnt  Mt.  «.r.  t.k.n  from  Jun.  1,83  to 
N.y  1984.  During  thi.  l.tt.r  y..r.  on  th.  ...r.g.,  on.  ....ur...nt  ..t  w..  ».d. 
.u.ry  24  »inut...  Th.  i»..ur...nt  fr.gu.ncy  r.t.  h..  u.ri.d  fro.  *ppro«i..t.ly 
one.  .v.ry  .Ight  .inut..  to  one.  .u.ry  40  «inut«..  D.t.  h.s  be.n  t.k.n  24  hour.  > 
d.y  throughout  .11  M.ion..  M..«ur.~nt.  h.v.  eontlnu.d  .me.  M.y  1984. 

hft.r  th.y  .r.  t.k.n,  the  ....ur.Mnts  .r.  «tor.d  on  .  H.ul.tt-P.ek.rd  ,«95A 
for..tt.d  .ight-ineh  floppy  di.k.  In  ord.r  to  Mk.  th..  K>r.  .ee...inl.,  d.t.  fro. 
Jun.  1982  to  M.y  1,84  .r.  b.lng  tr.n.f.rr.d  to  eo.put.r-eo»p.tlbl.  tap..,  Th.  for- 
..t  for  th.  eo.put.t-eo.p.tibl.  t.p.  is  th.t  d.v.loped  by  the  T.rg.tlng  Systems 
Char*ct*rlzation  Facility  (TSCPl  [41.; 

W.stn.r  d.t.  fro.  th.  n..rby  Osuison  Army  Airfield  .t  Fort  Belvolr  ere  elso 
being  Added  to  tne  d.t.  set.  This  will  provide  the  user  with  st.nd.rd  we.ther 
obseruetions  ..de  by  Air  Foree  observers.  It  .Iso  supplements  th.  CTL  ...surement. 
by  providing  visibility  end  eloud  eover  informstlon.,  Th.  hourly  we.ther  M.sure- 
■ents  rs.de  At  DAvison  Ar.y  Airfield  .re  written  in  th.  TSCF  for.Ati  the  ETL  we.ther 
....ure..nt.,  rediometrie  ...surements,  end  soil  me.surem.nts  .re  Added  ..  .n  .d- 
ditlonal  word  group  in  the  TSCF  format. 

The  conversion  of  this  data  base  to  a  computer-compatible  tape  format  has  been 
sponsored  by  th.  Air  Force  Systems  Coirvrr.nd  .nd  th.  Air  Force  O.ophysic.  L.bor.tory,, 
end  supported  by  the  Army  Engineer  Topographic  Leboretories. 
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.  O....  ■  r  .  Analvsis  of  the  c.irtahilitv  of  Selected  Data  Bases  for  TDA  Develop: 

*•  ^leraod  vllTsftlori!  Ootlhetrlcs.  tnc.Wechhrc.l  Report  6.1-161,  Jun.'lW: 


2  krusing.r,  A.E.,  The  Relation  Between  Isolated  Tree  Brightness 
■  brass  ^Backuround  ~B7T?;tn.8a  Temperature,  and  Other  Thermal 

Annual  KRC  Symposium  on  Ground  Vehicle  Signatures,  August  23  and  24,  1983, 

Houghton,^  Michigan. 


3.-  Poulin,  A.O.  .nd  Krusing.r,.  A.E.,  instrumented  ,  Test  Site  tor  Intr.red,  B.ck^ 

grounds,  Proc.'  IRIS  Targata,  Backgrounds,  and  Diaccimlnation,  1980. 


ms  4-  T  C  Tn»*rfjice  Format  Taraating  S4»stems  Characterization  Fa  ili_ty 
(TSCri  Da'ta'on~ths  ASP  CYBER  Cowputel,  Sclencs  Application  Inc.,.  Payton,.  Ohiol 
August  1982. 


UNOASSiFIED 


I 


TAtLC  I.  MRTfeOMOtOCICAL  MtASUAfeMiMTS  AflCOKOCIf  AT  ATL 


Air  T»ap«rAtur« 
(•C) 


0*w  Foinc  Tiia^r«tur« 
<•€) 


a«roMtrie  Pracaar* 
(ab) 


NXAd  Sp««d 
(a/a  I 


Cuaylativa 
Praetpicatlon  Aaounc 

(aa) 


Towar  1 

10. so, 120. 300,  300  ca  h«i^t 
Tower  2 

1 0, SO, 1 20, 200, 300, 400, €00 
•00,1000,1200  ca  hai^At 

Towar  2.  130  ca  haioAt 
•uildlA^.  120  ca  height 


Towar  1  aAd  3,  120  ca  height 
Towar  2,  1S  a  height 


Towar  3.  IS  a  height 
Edge  of  plot  3 


niaraocooplaa  in  Maatharaaaaura  Nodal 
!$•€,  Aapiratad  RadiatiMi  Shield 

ftiaraocouplaa  in  M««tharaaaaora  Ncdal 
tS-€,  Aapiratad  Mdiation  Shield 


Canaral  Eaatarn  HoJwl  1100  NFS  and 
Yht  9400<aTV  Daw  Call 


Nataorological  haaaarth,  Znc>  (NAl) 
Nodal  7S1 


Gill  3^up  Anaaoaatai  Nodal  12102 


NAt  Nodel  10.*20-2 
NHl  Node!  J0« 


TAhte  2.  AAOiUHtTKtC  AND  SOU  H&AoURENbMTS 


TYPE  OP  HEASURENCNT 


trightnaaa  Taapaceiura 
CO 

Plotf  1.2.3,4,S  and 

Target  Station 

Barnet  PRT>S 

brightnaaa  Taaptcatuca 
CC) 

Oougtaa  lir 

barnea  PRT>S 

Incoaing  Short^ava 
Radiation 
(.26  to  2.6  m) 

Bui Iding  Roof 

^pley  Pracieion  P/ranoaater 
Model  PbP 

Incoaing  t^ng^ava 
Radiation 
(3  to  SO  M) 

Bui  1 1>  ng  Root 

tpplay  Preciaiori  infrared  Radioaatar 
Hodel  PIR 

Soil  Taapccatiira 

cej, 

Plot*  1,2, 3, « 

1,4,10, 20,40,60.160 
ca  daptha 

Tti«ras,LOuplea 

Soi 1  Noiature 
Reaiatenca 
(U) 

Plota  1.2.  3,  4 

4  and  12  ca  daptha 

Colenian  ^oi  1  Hoiatura  cell 

Soil  Teat  Mdl.  Hc310A 

Soil  Heat  Plus 
(N/a^J 

Plot*  1  end  2 

4  and  ,2  ca  daptha 

Iheraoiictica  Modal 

HI 

